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(57) ABSTRACT

A method of attaching first and second aerofoil sections to
each other is disclosed. The method comprises the steps of:
positioning one aerofoil section in an initial assembly orien-
tation with respect to the other aerofoil section so that hinge
elements on each aerofoil section are in alignment with each
other, inserting a hinge shaft through said aligned hinge ele-
ments to initially couple the aerofoil sections together whilst
the aerofoil sections are in their initial assembly orientation;
and rotating one aerofoil section relative to the other aerofoil
section about a compound angle defined by the hinge shaft
into a second orientation in which the aerofoil sections are in
their final, assembled orientation relative to each other. An
aerofoil assembly is also disclosed.

16 Claims, 10 Drawing Sheets
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1
METHOD OF COUPLING AEROFOIL
SURFACE STRUCTURES AND AN AEROFOIL
ASSEMBLY

RELATED APPLICATIONS

The present application is based on, and claims priority
from, Great Britain Application Number 1209697.0, filed
May 31, 2012, the disclosure of which is hereby incorporated
by reference herein in its entirety.

FIELD OF THE INVENTION

The invention relates to a method for coupling two aerofoil
surface structures together. Particularly, the invention relates
to a method in which two aerofoil surface structures are
initially coupled via a hinge in a first, assembly orientation to
subsequently allow one of those aerofoil surface structures to
be pivoted about the hinge axis relative to the other aerofoil
surface structure into a second orientation in which the aero-
foil structures are finally coupled together in a fully
assembled orientation and in which the aerofoil surface struc-
tures remain until repair or replacement. The invention also
relates to an aerofoil assembly comprising aerofoil sections
that have been coupled according to the method of the inven-
tion.

BACKGROUND TO THE INVENTION

As the demand for more fuel-efficient and quieter aircraft
increases, aero structures are becoming more advanced and a
demand for aerofoils with larger surface area but smaller
cross-sectional height is apparent. As a result, the limitations
of conventional attachment structures and fixings used to
couple sections of an aerofoil to each other have been reached
or exceeded because of the restricted area of contact between
wing sections resulting in a lack of space for conventional
fixings which is exacerbated by regulations that restricts the
minimum spacing between fixing holes. It is also apparent
that conventional fixings are not always able to withstand the
high level of stresses placed upon them when they are used
with such new and developing wing geometries.

An aerofoil having two sections is described with reference
to the Applicant’s own earlier application GB200919019
filed on 30 Oct. 2009. The outboard section is able to rotate
about a hinge shaft set at a compound angle relative to a
longitudinal axis extending along the length of the wing and
a chordal axis extending at ninety-degrees to the longitudinal
axis, so that the outboard section assumes a stowed, substan-
tial vertical, position when the aircraft is not in flight, thereby
enabling the aircraft to have a much longer wingspan than is
normal but at the same time achieving the practicalities of an
aircraft with a shorter wingspan in terms of being able to use
a standard airport gate.

It has now been appreciated that the wing geometry and
compound hinge arrangement known from the aforemen-
tioned earlier application can also be used in applications
where two aerofoil structures are to be coupled together, even
in aircraft with a conventional wingspan and where there is no
intention of rotating one aerofoil structure relative to the other
aerofoil structure when the aircraft is not in flight but in which
the aerofoil structures are to remain in their relative positions
subsequent to assembly and on a permanent basis until or
unless they are taken apart for maintenance or repair. This
method of assembly of adjacent wing structures particularly
lends itself to aero structures of larger surface area but lower
cross-sectional height, where the use of conventional fixings
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is problematic for the reasons already explained above. No
method of assembling adjacent aero structures is disclosed in
WO 2011/051699 which, in any event, describes a complex
gear mechanism for controlling movement of one aero struc-
ture relative to the other aero structure and which is not
required in the method of the present invention, as relative
movement of the aero structures is not required following
final assembly.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is pro-
vided a method of attaching first and second aerofoil sections
to each other comprising the steps of:

(a) positioning one aerofoil section in an initial assembly
orientation with respect to the other aerofoil section so
that hinge elements on each aerofoil section are in align-
ment with each other;

(b) inserting a binge shaft through said aligned hinge ele-
ments to initially couple the aerofoil sections together
whilst the acrofoil sections are in their initial assembly
orientation;

(c) rotating one aerofoil section relative to the other aero-
foil section about a compound angle defined by the
hinge shaft into a second orientation in which the aero-
foil sections are in their final, assembled orientation
relative to each other.

The step of rotating one aerofoil section preferably com-
prises the step of rotating that aerofoil section such that both
aerofoil sections be in the same geometric plane when in their
final, assembled orientation.

Each aerofoil assembly has separation surfaces and the
method may include the step of rotating one aerofoil section
relative to the other aerofoil section such that the separation
surfaces abut when the aerofoil sections are in their final
assembled orientation relative to each other.

Preferably, the method also includes the step of passing
fixings through the separation surfaces and coupling those
fixings to lock the aerofoil sections in their final, assembled
orientation relative to each other and prevent rotation about
said hinge.

The method also includes the step of configuring the aero-
foil sections such that the hinge shaft lies at an angle to a
vertical axis in both a longitudinal and a chordal direction to
create the compound angle, when the hinge shaft is inserted
into said aligned hinge elements. Preferably, the method
includes the step of configuring the acrofoil sections such that
anupper end of the hinge shaft is tilted towards the tip section
in the longitudinal direction and towards a trailing edge of the
aerofoil sections in the chordal direction.

The aerofoil sections can comprise an inboard section and
a tip section and the method can then include the step of
rotating the tip section relative to the stationary inboard sec-
tion about a compound angle defined by the hinge shaft into a
second orientation in which the tip section is in its final,
assembled orientation relative to the inboard section.

In one embodiment, the inboard section is part of a wing of
an aircraft having a root end for attachment to a fuselage of an
aircraft and, a remote end, the tip section comprising a
winglet or ‘sharklet’that is attached to said remote end by said
method.

According to the invention, there is also provided an aero-
foil assembly comprising first and second aerofoil sections,
each aerofoil section having cooperating hinge elements that
align when the aerofoil sections are positioned relative to
each other in an initial assembly position, and a hinge shaft
that is inserted through said aligned S hinge elements to
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couple said aerofoil sections together whilst the aerofoil sec-
tions are in their initial assembly position, the cooperating
hinge elements being configured such that the axis of the
hinge shaft lies at a compound angle relative to two axes of
said aerofoil assembly so that the aerofoil sections can be
rotated relative to each other into a fully assembled position.

In a preferred embodiment, each acrofoil section has sepa-
ration surfaces that abut when the aerofoil sections are in their
final assembled orientation relative to each other.

Preferable, the hinge elements and separation surfaces are
configured such that, when the separation surfaces abut, both
aerofoil sections lie in substantially the same geometric plane
in their final, assembled, orientation.

In a preferred embodiment, the assembly includes fixings
that extend through the separation surfaces to lock the aero-
foil sections in their final, assembled orientation relative to
each other and prevent rotation about said hinge.

Preferably, the aerofoil sections are configured such that
the hinge shaft lies at an angle to a vertical axis in both a
longitudinal and a chordal direction to create the compound
angle, when the hinge shaft is inserted into said aligned hinge
elements.

In a preferred embodiment, the aerofoil sections comprise
an inboard section and a tip section, the tip section being
rotatable relative to the stationary inboard section about a
compound angle defined by the hinge shaft into a second
orientation in which the tip section is in its final, assembled
orientation relative to the inboard section.

The aerofoil sections may be configured such that an upper
end of the hinge shaft is tilted towards the tip section in the
longitudinal direction and towards a trailing edge of the aero-
foil sections in the chordal direction.

In a preferred embodiment, the inboard section is part of a
wing of an aircraft having a root end for attachment to a
fuselage of an aircraft and, a remote end, the tip section
comprising a winglet or ‘sharklet’ that is attachable to said
remote end.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of a conventional aircraft equipped
with ‘sharklets’ at the end of each wing remote from the
fuselage of the aircraft;

FIG. 2 is a perspective illustration of part of a wing assem-
bly with an inboard section and a tip section aligned in a fully
assembled configuration. A Cartesian coordinate system is
shown on the wing assembly, comprising longitudinal,
chordal and vertical axes;

FIG. 3 is the same view as FIG. 2, but with hidden detail
shown in dashed lines;

FIG. 4 is a plan view of the part of the wing assembly
shown in FIGS. 2 and 3;

FIG. 5 shows the wing assembly prior to assembly and its
which the tip section is held in a rotated or initial assembly
orientation with respect to the inboard section so that coop-
erating elements on each wing section will engage when the
two sections are brought towards each other in the relative
positions shown;

FIG. 6 shows the wing assembly of FIG. 5 immediately
after the two wing sections have been brought together so that
the cooperating hinge elements on each wing section engage;

FIG. 7 shows the wing assembly of FIG. 5 in a direction
extending along the wing from the root end of the wing and
also shows the hinge pin that is passed through the cooperat-
ing hinge elements to initially couple the wing sections
together in their assembly orientation;
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FIG. 8 shows a perspective view of the wing assembly
shown in FIGS. 6 and 7 with the tip section in its initial
assembly position;

FIG. 9 shows the same perspective view of FIG. 8, but with
hidden detail shown in dashed hues; and

FIG. 10 shows a rear perspective view of the wing assem-
bly shown in FIGS. 6 t0 9.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Exemplary embodiments of the invention will now be
described with reference to FIGS. 2 to 10 of the accompany-
ing Figures.

Although the present invention may be used to attach any
aero surface structures together, it has particular application
to the attachment of a “sharklet’ or ‘winglet’ wingtip device to
a main wing box as this joint exemplifies a highly loaded
structural joint with a very small cross-sectional area in which
to transfer said loads. A ‘sharklet’ or ‘winglet’ is an element
that upstands from the end of each wingtip and which are
known to reduce turbulence resulting in a more fuel efficient
aircraft. A conventional aircraft 1 equipped with ‘sharklets’ 2
at the end of each of the wings 3 is illustrated in FIG. 1.

Referring now to FIGS. 2 to 4, an aerofoil 100 may consist
of an aircraft wing 100 for use on an aircraft such as a jet
airliner (only part of which is shown in the figures). The
aircraft wing 100 comprises an inboard section 200, which
includes a root (not shown) for securing the wing 100 to a
fuselage of an aircraft. The wing 100 also comprises a tip
section 300, which may be a ‘sharklet’ and which is located at
the outer end of the wing 100. FIGS. 2 to 4 shows a portion of
the inboard and outboard sections of the wing 100 in a fully,
final assembled configuration in which the inboard section
200 and outboard section 300 lie in substantially the same
geometric plane and in which the upper and lower surfaces
are substantially coplanar.

The inboard section 200 and the tip section 300 are prima-
rily coupled together by a hinge 400 (see FIG. 3), which is
configured to allow rotation of the tip section 300 into the
configuration shown in FIGS. 2, 3 and 4 from an installation
or assembly position, as will be described in more detail
below. The inboard and tip sections 200, 300 each comprise
cooperating hinge elements 225,325 that engage when the
inboard and tip sections 200,300 are brought together to
enable a hinge shaft 450 (see FIG. 7) to be inserted through
them to rotatably couple the inboard section 200 and the tip
section 300 together. Only once the inboard and outboard
sections 200,300 have been hingedly coupled to each other is
the tip section 300 rotated into its permanent, assembled
position, as shown in FIGS. 2, 3 and 4.

FIG. 5 shows the tip section 300 being offered up to the
inboard section 200 prior to insertion of the hinge shaft 450.
in order for the hinge elements 225,325 to align and engage to
enable the hinge shaft 450 to be inserted, the tip section 300 is
offered up to the inboard section at an angle in which the
inboard and tip sections 200,300 do not lie in the same geo-
metric plane (the tip section 300 is moved towards the inboard
section 200 in the direction of arrows marked ‘A’). The
inboard section 200 has an angled separating face 250 that
mates with a correspondingly angled separating face 350 on
the tip section 300, but only when the tip section 300 has been
rotated relative to the inboard section 200 about the hinge 400
and into its final, assembled position.

FIG. 6 shows the inboard section 200 and tip section 300 in
plan, after the two sections 200,300 have been brought
together so that the hinge elements 225,325 cooperate with
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each other. FIG. 7 shows another view of the inboard and tip
sections 200, 300 looking along the wing from the root
towards the tip and in which the hinge pin 450 can also be seen
in an orientation ready for insertion so as to couple the hinge
elements 225,325 of the inboard and tip sections 200,300
together.

FIGS. 8 and 9 show the inboard and tip sections 200, 300 in
front perspective views, with hidden detail shown in FIG. 9
and in which the orientation of the hinge 400 can be seen. A
rear perspective view is also shown in FIG. 10.

Once inserted, the hinge shaft 450 can be retained in posi-
tion by screw-fixing and/or clamping and any shimming
operations can be carried out at this stage, whilst access is
skill available to the hinge 400 and the mating faces 250,350
between the inboard and tip sections 200,300.

The transition between the installation position as shown in
FIGS. 8,9 and 10 and the fully assembled position of the wing
tip section 300, as shown in FIGS. 2, 3 and 4 involves a dual
rotational movement, i.e. a component of rotation of the tip
section 300 about at least two separate and perpendicular axes
of rotation. The geometric plane of the tip section 300 in the
assembly position may be up to ninety degrees to the fixed
geometric plane of the inboard section 200.

In order to transition from an assembly position, as shown
in FIGS. 8 to 10, into its final, assembled position, as shown
in FIGS. 2, 3 and 4, in which the separation faces 250, 350
meet, the tip section 300 must have a component of rotation
about more than one axis.

The angle of the hinge shaft 450 is referred to below using
a Cartesian coordinate system comprising a longitudinal axis
X, along the length of the inboard section 200 of the wing
100, a chordal axis Y, across the width of the inboard section
200 of the wing 100 and a vertical axis Z, through the depth
of the inboard section 200 of the wing 100, as shown in FIG.
2.

In order to achieve a component of rotation about longitu-
dinal axis X, and chordal axis Y, the cooperating hinge
elements 225,325 are positioned such that the hinge shaft 450
is oriented at a compound angle between the inboard section
200 and the tip section 300.

Starting from a position parallel with the vertical axis Z,,
the hinge shaft 450, and the cooperating hinge elements on
each of the inboard and tip sections 200, 300, is tilted in both
the longitudinal X, and chordal Y, directions to provide a
compound angle hinge line comprising a longitudinal tilt
component and a chordal tilt component. Starting from a
vertical position, the top end of the hinge shaft 450 closest to
the upper edge of the wing 100 is tilted with respect to the
bottom end of the shatt 450 both towards the trailing edge 110
of the wing 100 (chordal tilt component) and towards the tip
of the wing 100 (longitudinal tilt component). It will be
appreciated that the precise orientation of the hinge shaft 450
and cooperating hinge elements 225,325 may be configured
in dependence of the exact desired rotational movement of the
tip section 300.

At the trailing edge of the wing 100, the abutting faces
250,350 of the inboard and tip sections 200, 300 of the wing
100 may meet each other at an angle which is approximately
ninety degrees to the longitudinal tilt element of the hinge
shaft 450. At the leading edge of the wing 100, the abutting
faces 250,350 of the inboard and to tip sections 200, 300 of
the wing 100 may meet each other at an angle which is
approximately equal to the chordal tilt element of the hinge
shaft 450. Therefore, the angle at which the abutting faces
250,350 meet each other at the leading edge of the wing 100
may differ from the angle at which the abutting faces 250,350
meet each other at the trailing edge of the wing 100. The
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6

separation line S between the inboard and tip sections 200,
300 may extend in a curve across the upper and lower surfaces
of the wing 100. A significant portion of the separation line
may extend across the upper and lower faces of the wing 100
at an acute angle with respect to the chordal axes Y,. The
separation line S may also extend across the leading and
trailing faces of the wing 100 at an acute angle with respect to
the vertical axes Z, and 7.

Once the tip section 300 has been rotated from its initial
assembly position into its assembled position so that the
separation faces 250, 350 meet, additional fixings 500 may be
provided to couple the separation faces 250, 350 togetherina
more permanent way or until such time the tip section 300
needs to be removed or replaced during maintenance. These
fixings 500 are shown on an outside of the inboard and tip
sections 200,300 in the Figures but this is for clarity only and
it will be appreciated that these fixing points are more likely
to be located inside the inboard and tip sections 200,300 with
access being obtained via a removable panel in as lower cover
on the inboard and/or on the tip section 200,300.

It will be appreciated that the aerofoil 100 described above
could be used on any type of aircraft, including military
aircraft, helicopters and gliders.

The invention claimed is:

1. A method of attaching first and second aerofoil sections
to each other comprising the steps of:

(a) positioning one aerofoil section in an initial assembly
orientation with respect to the other aerofoil section so
that hinge elements on each aerofoil section are in align-
ment with each other,

(b) inserting a hinge shaft through said aligned hinge ele-
ments to initially couple the aerofoil sections together
whilst the acrofoil sections are in their initial assembly
orientation;

(c) rotating one aerofoil section relative to the other aero-
foil section about a compound angle defined by the
hinge shaft into a second orientation in which the aero-
foil sections are in their final, assembled orientation
relative to each other.

2. A method according to claim 1, wherein the step of
rotating one aerofoil section comprises the step of rotating
that aerofoil section such that both aerofoil sections lie in
substantially the same geometric plane when in their final,
assembled orientation.

3. A method according to claim 1, wherein the each aerofoil
assembly has separation surfaces and the method includes the
step of rotating one aerofoil section relative to the other aero-
foil section such that the separation surfaces abut when the
aerofoil sections are in their final assembled orientation rela-
tive to each other.

4. A method according to claim 3, wherein the method
includes the step of passing fixings through the separation
surfaces and coupling those fixings to lock the aerofoil sec-
tions in their final, assembled orientation relative to each
other and prevent rotation about said hinge.

5. A method according to claim 1, wherein the method
includes the step of configuring the acrofoil sections such that
the hinge shaft lies at an angle to a vertical axis in both a
longitudinal and a chordal direction to create the compound
angle, when the hinge shaft is inserted into said aligned hinge
elements.

6. A method according to claim 5, wherein the method
includes the step of configuring the acrofoil sections such that
anupper end of the hinge shaft is tilted towards the tip section
in the longitudinal direction and towards a trailing edge of the
aerofoil sections in the chordal direction.
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7. A method according to claim 1, wherein the aerofoil
sections comprise an inboard section and a tip section, the
method including the step of rotating the tip section relative to
the stationary inboard section about a compound angle
defined by the hinge shaft into a second orientation in which
the tip section is in its final, assembled orientation relative to
the inboard section.

8. A method according to claim 7, wherein the inboard
section is part of a wing of an aircraft having a root end for
attachment to a fuselage of an aircraft and, a remote end, the
tip section comprising a winglet or ‘sharklet’ that is attached
to said remote end by said method.

9. An aerofoil assembly comprising first and second aero-
foil sections, each aerofoil section having cooperating hinge
elements that align when the aerofoil sections are positioned
relative to each other in an initial assembly position, and a
hinge shaft that is inserted through said aligned hinge ele-
ments to couple said aerofoil sections together whilst the
aerofoil sections are in their initial assembly position, the
cooperating hinge elements being configured such that the
axis of the hinge shaft lies at a compound angle relative to two
axes of said aerofoil assembly so that the aerofoil sections can
be rotated relative to each other into a fully assembled posi-
tion.

10. An aerofoil assembly according to claim 9, wherein
each aerofoil section has separation surfaces that abut when
the aerofoil sections are in their final assembled orientation
relative to each other.

11. An aerofoil assembly according to claim 10, wherein
the hinge elements and separation surfaces are configured
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such that, when the separation surfaces abut, both aerofoil
sections lie in substantially the same geometric plane in their
final, assembled, orientation.

12. An aerofoil assembly according to claim 10, compris-
ing fixings that extend through the separation surfaces to lock
the aerofoil sections in their final, assembled orientation rela-
tive to each other and prevent rotation about said hinge.

13. An aerofoil assembly according to claim 9, wherein the
aerofoil sections are configured such that the hinge shaft lies
at an angle to a vertical axis in both a longitudinal and a
chordal direction to create the compound angle, when the
hinge shaft is inserted into said aligned hinge elements.

14. An aerofoil assembly according to claim 1, wherein the
aerofoil sections comprise an inboard section and a tip sec-
tion, the tip section being rotatable relative to the stationary
inboard section about a compound angle defined by the hinge
shaft into a second orientation in which the tip section is in its
final, assembled orientation relative to the inboard section.

15. An aerofoil assembly according to claim 14, wherein
the aerofoil sections are configured such that an upper end of
the hinge shaft is tilted towards the tip section in the longitu-
dinal direction and towards a trailing edge of the aerofoil
sections in the chordal direction.

16. An aerofoil assembly according to claim 14, wherein
the inboard section is part of a wing of an aircraft having a root
end for attachment to a fuselage of an aircraft and, a remote
end, the tip section comprising a winglet or ‘sharklet’ that is
attachable to said remote end.
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